Thermodynamic calculations of three binary Ti-based alloys: Ti-Al, Ti-Fe, and Al-Fe, as 
Introduction
Last few years a lot of binary and multicomponent innovative iron aluminium alloys were developed: Fe-Al, Fe-Ga, Al-FeNi, Fe-Ni-Ti, Fe-Al-Ni-Zr, Ni-Cr-Al-W, AlFe-Ni-Ti and Fe-Al-Ni-Cr [1] . The main reason for this huge scientific attention is certainly the large applications of these alloys, especially in the aerospace industry, due to their high oxidation resistance, low density and high melting point.
The Ti-Al-Fe-based alloys, which are thermodynamically investigated in this paper, belong to the group of alloyed aluminides and have not been completely reported in literature.
Due to the combination of light weight and high strength, Ti-Al-Fe alloys are of practical interest for aerospace and automotive industries, as well as for various high temperature applications. Since the alloys with lower content of aluminium are brittle and provide moderate resistance to oxidation, alloying with the third elements enhances their ductility, strength, oxidation, and corrosion resistance.
There are a few thermodynamic studies in world literature. The most are based on thermodynamics and CALPHAD approach.
Thermodynamic properties of molten Al-Mn, Al-Cu and Al-Fe-Cu alloys in a temperature range of 1123-1878 K have been studied by Zaitsev et al [2] using the integral effusion method and Knudsen mass spectrometry. Thermodynamic functions of melts were described by the associated solution model.
Phase diagrams of the Fe-binary based systems had also a lot of scientific attention by different authors [3] [4] [5] [6] .
A lot of authors were investigated thermodynamic assessment of different ironaluminides. Liu and Chang [7] have been analyzed thermodynamics of the Al-Fe-Si system as well as Ikeda et al [8] phase equilibria and stability of ordered BCC phases in the Fe-rich portion of the Fe3Al system. Thermodynamic assessment of the quaternary system Al-Fe-Mn-Si in the Alrich corner was studied by Balitchev et al [9] . Thermodynamic description of the Cu-Al-Fe system at the Cu-Fe side has been given by Miettinen [10] . Thermodynamics of the FeAl-C ternary system has been investigated by incorporating ab initio energetic calculations into the CALPHAD approach by Ohtani et al [11] .
Ti-Al-based alloys were one of the first materials types to which thermodynamic phase diagram calculation were applied. However, the early limitations in modelling, particularly with respect to the uptake of elements such as oxygen and nitrogen, restricted their use [12] . The first detailed presentation on thermodynamic phase diagram calculations for titanium alloys was made by Kaufman and Nesor [13] at the 2nd World Conference on Titanium. They presented a series of computer calculated phase diagrams for Ti-based alloys and even included an early calculation for the Ti-Al system. Since then substantial advances have been made in terms of theoretical models, computer software and hardware and it is now possible to deal with extremely complex materials on a routine basis [12] .
Ti-Al-based alloys have been also studied by Kostov et al [14] [15] [16] [17] [18] [19] .
It can be anticipated that most of the thermodynamic data of ternary and multicomponent high temperature systems come from theoretical calculations, rather than from direct experimentation. The main reasons are experimental difficulties, especially high investigation temperatures required. The similar situation is typical for Ti-Al-Fe system. The aim of this paper is to give a thermodynamic contribution the TiAl-Fe ternary system and its binary systems in the liquid phase using FactSage Thermochemical Software and Database [20] , as well as to show the possibility of application of the used software in thermodynamic description of investigated systems. Thermodynamic investigations of Ti-AlFe ternary system were carried out from each corner using 15 cross sections in total. The compositions of all investigated cross sections are given in Table 1 .
Results and Discussion
Activity values in the investigated Ti-AlFe ternary system at 1873K, 2000K and 2073K are given in Tables 2, 3 and 4. Activity values for titanium, aluminium and iron equally increasing with the The enthalpies of mixing values indicate that the strongest chemical interaction between the components in the investigated Ti-Al-Fe ternary system exists between aluminium and iron and the weakest between titanium and iron. In the case of investigated sections from aluminium corner, these values are strongly affected by Ti-Fe binary system.
Conclusions
The thermodynamic calculations in binary alloys Ti-Al, Ti-Fe and Al-Fe, as well as ternary Ti-Al-Fe at 1873K, 2000K and 2073K were determined. All three investigated binary systems have negative values for integral Gibbs mixing energy and integral excess Gibbs energy. Activity values of the components are less than unity and show negative deviation from the Raoult's law. Phase diagrams for the investigated binary systems are calculated by the use of Fact Sage.
Providing in mind that no experimental data for these systems have been done or reported, obtained results presented one good base for the further thermodynamic analysis and developing in these group of innovative iron aluminum alloys.
The obtained and shown results for the TiAl-Fe-based system provide complete thermodynamic determination optimization of this investigated system.
